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Abstract 
A ten-day interval of satellite data (NOAA/AVHRR) between 1981 and 2001 were used to investigate the 
vegetation dynamic in Northern-Tibet Plateau (NTP), China. The relationships between NDVI and climatic 
parameters were analyzed in six counties of NTP. And the human activities factors such as population also tested in 
this study. The result shown that the prominent increase and decrease of NDVI occurred in middle eastern and eastern 
NTP with low altitude. Correspondingly, the linear trends of VP-ND VI were weak and no change in western part of 
the NTP with high altitude. The strong negative relationship between NDVI and evapotranspiration (PE) occurred in 
sub-frigid semi-arid and frigid arid regions, e.g., Nakchu, Shantsa, Palgon and Amdo counties, which indicated that 
the PE was main effecting factor on vegetation degradation in these areas. But in temperate-humid and sub-frigid 
semi-humid regions, significantly negative correlations imply that human activities had primary influenced on 
vegetation degradation like Chali and Soksa counties. 
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1. Introduction 
The NTP is the sources of ancient and modem 
glaciers as well as many rivers such as the Yangtze, the 
Nujiang and the Lancang in China[IJ.The NTP grassland 
is the third largest grassland in China and one part of 
the important land ecosystem in the NTP, it has the 
function of windproof, solid sand, self-control water 
source, prevent soil erosion, adjustment microclimate 
and purification air so on [2]. In recently years, a large 
expanse of grassland in NTP has seriously degradation. 
It is generally believed that the occurrence and 
development of land degradation over the NTP is 
closely related to the eco-environment conditions, 
... 
climatic changes and human actlv1ties . [3] 
The satelite remote sensing has become import tool 
for ecological, geographical, meteorological and 
environmental studies [4-sJ. The Advanced Very High 
Resolution Radiometer (AVHRR) on board the NOAA 
series of satellites has been widely used for monitoring 
the terrestrial environment in regional and global scales 
[9-12] 
In this study, we used a 19-year series of the 
Normalized Difference Vegetation Index (NDVI) 
derived from NOAA-AVHRR PAL (Pathfinder 
A VHRR Land) images and in-situ meteorological data, 
mainly studies the dynamic change of grassland in the 
NTP (Nakchu Prefecture) based on multi-annual NOVI 
data, to study the spatial distribution of grassland cover 
change, and to analyze the effect factor of dynamic 
change ofNDVI in the NTP. 
2. Study Area 
The NTP is lies between 29ｰ55'and 36ｰ30'N, and 
83ｰ55'and 95ｰ5'E. It accounts for 32.82% of the total 
area of Tibet Autonomous Region (TAR), and the 
grassland covers 41.65% of total grassland of TAR. The 
average altitude in the northwest exceeds 5000 m and 
descends to 4000 m in the east. In NTP region, the 
annual mean temperature is between -2.9ｰC and 3.4ｰC 
and annual precipitation between 298.6 mm and 708.4 
mm. The overall precipitation declines from east to west 
and from south to north. The annual evaporation 
(measured by evaporating dish) is 1500-2300 mm, 
rising from southeast to northwest'. [2 13) 
Geographically, four climatic zones are delimited in 
the NTP: temperate-humid, sub-frigid semi-humid, subｭ
frigid semi-arid, and frigid arid zones[I4J_ Following 
these climatic zones, four major native pasture 
landscapes can be identified from the southeast to the 
northwest: bush-meadow, alpine meadow, alpine 
grassland, and desert grassland. The composition of 
pastures in the east and central part of the region is 
complex due to the wet climate and variable terrain. 
The grassland becomes less complex botanically 
towards the northwest where the altitude is higher and 
the climate is harsher. The population in Nakchu is 
about 37 6800 (2003 census). Farmers in this region are 
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primarily engaged in animal husbandry, except for a 
few who produce grain crops in the eastern counties. 
Tibetan sheep, goats, and yak are dominant livestock 
enterprises, supported by horses and cattle. 
3. Data and methodology 
The NOAA-AVHRR PAL data set is available with 
a spatial resolution of 8 x 8 km2 at temporal resolution of 
10-day interval maximum composites [I 5]. This data set 
originated from NOAA-7, -9, -11 and 14 satellite 
images that were radiometrically and spatially corrected 
[161ｷThe time series data between 1981-2001 (except for 
1994) are used to study the NOVI of grassland in the 
NTP and obtain the spatial distribution characteristic of 
the vegetation cover. 
The NOVI has been widely used to estimate green 
biomass, leaf area index and patterns of productivity [4,5]. 
The NOVI provides essential information of land 
degradation status through vegetative change in 
temporal and spatial scales. The formula is following: 
increase: between O .15 and O .41 ND VI unites. No 
change: 士0.15 NDVI unites. Slight decrease: between -
0.15 and -0.41 NDVI unites. High decrease: < -0.41 
NDVI unites. 
NDVI= 
NJR-Red 
NJR+Red 
(1) 
Where NIR (AVHRR Channel2: 0.725-1.lｵm) and 
Red (A VHRR Channell: 0.58-0.68ｵm) are the amounts 
of near-infrared and red light respectively, reflected by 
the vegetation and captured by the sensor of the satelite. 
NDVI values are in the range from -1.0 to 1.0, where 
in growth season, generally increasing 0.1 values 
indicate increasing green vegetation and less 0.1 values 
indicate non-vegetated features such as water, barren 
areas, ice, snow or clouds. The upper boundary above 
0.8 basically is taken for pure vegetation. The NDVI 
exists the saturation in land vegetation's application. In 
this paper, the NDVI third generation product was used 
for solving NDVI saturation problem in a certain extent 
and stretched NDVI value (range from Oto 254). 
The PAL A VHRR NDVI 10-day maximum value 
composites (MVC) were used to investigate trends in 
vegetation degradation. In the study area, the annual 
NDVI maximum occurs in July, August or September. 
In each 64km2 pixel, the 10-day values were used to 
calculate a vegetation peak (VP) seasonal value as the 
average of the 9 NOVI-values in July, August and 
September. Calculating an averaged annual vegetation 
peak value would also filter out extreme values. The 
VP-NDVI slope of the linear trend of best fit through 
the 19-year was calculated using the least square 
method It counts the regression coefficients of al pixels 
in the NTP in Fig. I. The gain coefficient values were 
classed into 5 classes that describe the NDVI change 
over the 20 years as derived from linear trends: High 
increase: > 0.41 NDVI unites over the 20 years. Slight 
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Fig.I Statistic of NDVI change in the NTP region 
from 1981 to 2001a 
4. Results and discussion 
4.1 Vegetation covers spatial pattern and variations 
in inter-annual scale 
The average of VP-NDVI values showed that there 
are the obvious spatial differences of vegetation cover 
in the NTP. The east part is high and west part is low, 
the largest VP-NDVI values appear in farmland and 
forest regions, and second is bush-meadow and alpine 
meadow. The farmland, forest area, and bush-meadow, 
alpine meadow are mainly located in eastern NTP 
regions. Compared with others regions, this region have 
maximum vegetation coverage with low altitude. In the 
middle regions of the NTP, the maximal value of VPｭ
NDVI was from 160-180.In the western region; the 
maximal value of VP-NDVI was from 140-160. The 
main vegetation types include alpine steppe and desert 
steppe; the vegetation coverage is lower with high 
altitude. The results of pixels number of VP-NDVI 
value trend described that the no-change area is 
accounting for 77.27% of pixels number in the NTP, 
high increase and slight increase account for 0.27% and 
8. 71 %, and high decrease and slight decrease account 
for account for 0.69% and 13.06% respectively. 
Fig.2 showed that the linear trends of VP-NDVI 
between 1981 and 200 I for each 64km2 pixel of the 
NTP. The grain coefficients of the slops were re-classed 
into 5 classes ranging from high increase to high 
decrease of VP-NDVI. The prominently increasing and 
decreasing of NDVI occurred in eastern NTP with low 
altitude. Correspondingly, the linear trends of VPｭ
NDVI were weak and no change in 20 years in western 
part of the NTP with high altitude. 
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Fig.2 The linear trends of VP-ND VI in the NTP 
between 1981 and 2001a 
4.2 Climatic and anthropogenic driving forces 
The six climatic stations were selected to study the 
relationship between climatic factors and NOVI. The 
correlation coefficient between monthly VP-NDVI and 
monthly precipitation were calculated between 1981 
and 2001. The obviously positive correlation occurs in 
six counties in seasonal cycle (n=237, significant at the 
99% confidence level) (see Table 1). It revealed that 
precipitation is dominant factor controlling the seasonal 
variation of vegetation growth in the NTP. 
Table 1 The correlation coefficient (R) between 
monthly VP-NOVI and monthly precipitation 
County Nak Shan Pal Am Sok Cha 
chu tsa gon do sa Ii 
' 
Altit.(m) 4508 4674 4701 4801 4024 4489 
R 0.81 0.67 0.86 0.74 0.77 0.71 
The Fig.2 showed the linear trends of VP-NOVI 
between 1981 and 2001 are different form southern to 
middle and to W estem of the NTP. The reason is 
uncertain. We calculated the relationships between 
NOVI and climatic factors such as temperature, 
precipitation, PE, relative variability of annual 
precipitation during grass growth, wind velocity etc. 
The NOVI of Nakchu station increases almost linearly 
with the increase of precipitation. The Table 2 showed 
that the VP-NDVI trend slope and ann叫 precipitation
trend increase in Nakchu from 1981-2001. 
The correlation coefficient between minimum 
temperature (Tmin) of Nakchu area and NOVI are 0.51. 
It is recognized that T min is main limited factor effecting 
over-wintered perennial grass growth. Thus, increases 
of precipitation and T min are benefit for the vegetation 
growth of Nakchu County. The relationship between 
NOVI and evapotranspration show high negative in 
Nakchu County (R = -0.63) .The PE can describe 
vegetation response to climate factors (i.e. radiation, 
temperature, precipitation and wind) synthetically. With 
the decrease of PE in Nakchu County, the vegetation 
drought stress will decrease, which benefits the 
vegetation growth. Thus, from 1981 to 2001, the NDVI 
in Nakchu County show a high increase (see Fig.2). 
Chali station is located in the sub-frigid semi-humid 
zone, the relation between NDVI and annual 
precipitation is negative, which indicated that the. more 
rainfall inhibit the vegetation growths. However, The 
coefficient between NDVI and T max is positive, the T max 
might be a dominant factor influencing the grass 
growths in Chali station. 
Table 2 VP-NDVI trend and annual precipitation trend 
slopes in six counties from 1981 to 2001 
Nak Shan Pal Am Sok Cha 
County chu tsa gon do sa Ii 
~ ~ ~ ^ 
VP-NDVI 
trend slope 0.41 0.24 0.06 -0.02 -0.07 -0.16 
Precip. 
trend slope 4.35 5.88 0.07 1.68 0.43 4.80 
The correlation coefficient .between Tinin of Nakchu 
area and NDVI are 0.51. It is recognized that T min is 
main limited factor effecting over-wintered perennial 
grass growth. Thus, increases of precipitation and T min 
are benefit for the vegetation growth ofNakchu County. 
The relationship between NDVI and evapotranspration 
show high negative in Nakchu County C R = -
0.63) .The PE can synthetically describe vegetation 
response to climate factors (i.e. radiation, temperature, 
precipitation and wind). With the decrease of the PE in 
Nakchu County, the vegetation drought stress will 
decrease, which benefits the vegetation growth. Thus, 
from 1981 to 2001, the NDVI in Nakchu County show a 
high increase (see Fig.2). Chali station is located in the 
sub-frigid semi-humid zone, the relation between NDVI 
and annual precipitation is negative, which indicated 
that the more rainfall inhibit the vegetation growths. 
However, The coefficient between NDVI and Tmax is 
the T might be positive, max a dommant factor 
influencing the grass growths in Chali station. 
The positive correlation between PE and NDVI 
indicated that PE decrease owing to decreases of wind 
velocity; sunshine duration in Chali County was 
disadvantageous factor for the grass growth in semiｭ
humid area of the NTP froml 981 to 2001. Considering 
anthropogenic factor, there is negative correlation 
between NDVI vs. population (R=-0.45), means that 
human activates become dominant factor influencing 
the grassland degradation [2J. In that case, the NDVI 
shows decreasing trend in Chali County in recently (see 
Fig.2). Climatically, Soksa County also located at subｭ
frigid semi-wet zone, but the annual precipitation is less 
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than that of Chali station. In this region, the obviously 
positive correlation (R=0.53) occurred between NDVI 
and the precipitation at growth period (from July to 
September); But the relationship between NDVI and 
the annual precipitation seems weak, which indicates 
that the moisture condition is main dominant factor 
impacting vegetation development in grass growth 
period in Soksa region. The relationship between 
accumulated temperature and NDVI is relative high, 
which show that the temperature is also an important 
factor impacting on the grass growth. The other 
important effecting factor is human activates. The 
population increased from end of 1989 year (19371 
person) to 2000 year the (23694 person), whereas, the 
NDVI decreased in Soksa region in recently (see Fig.2). 
The negative correlation between the NDVI and 
population (R=-0.40) could imply that human activates 
also act as a dominant factor influencing the grassland 
degradation in Soksa region. Statistical result presents 
that the highest population density is Soksa County, and 
fastest growing of population rate is Chali. In the 
eastern NTP, grassland animal husbandry is an 
important component of the regional economy l3l. 
It is generally believed that the main factor of 
grassland degradation is man's improper economic 
activities. The main factor leading to grassland 
degradation is over grazing. At the end of 2003, the 
total number of livestock on hand was 7.682 million, 
equal to 14.867 million sheep units, being nearly a twoｭ
fold increase over 1958 [13) 
At the middle-western NTP, Shantsa, Palgon and 
Amdo counties belong to sub-frigid semi-arid and frigid 
arid zone. The characteristics of cold, drought, windy, 
and strong transpiration affect the grass growth in these 
regions. The correlation coefficient between PE and 
NDVI showed obviously negative for Shantsa (-0.51), 
Palgon (-0.63) and Amdo(-0.54) areas. In these regions, 
with the increase of the PE, the vegetation drought 
stress will increase, whereas inhibit the vegetation 
growth. With the rise in temperature and the falling in 
humidity, the evaporation increases in sub-frigid semiｭ
arid and frigid arid zone of the NTP, al these lead to 
the further degradation of the grassland and promote the 
occurrence and development of desertification in these 
area. Moreover, at the Shantsa County, the annual mean 
wind velocity exceeds 4.5 mis, the correlation 
coefficient between annual mean wind velocity and 
NDVI is negative (R=-0.40). It is soon conceivable that 
NDVI is affected not only by the PE but also by factors 
such as annual mean wind velocity and transpiration 
rate. Normally, land degradation and desertification 
include a series of wind sand activity processes, such as 
soil wind erosion, wind sand stream, shifting sand 
accumulation and sand dune migration. 
A positive relationship between NDVI and 
precipitation occurs in Palgon County (R=0.39), and 
presumably precipitation is the dominating variable 
responsible for the measured NDVI fluctuations. The 
Table 3 also found that the trend was weak for both 
NDVI (trend slope equals to 0.06) and rainfall (trend 
slope is 0.07) in Palgon County between 1981 and 2001. 
The precipitation increases almost weakly linearly with 
the decrease of NDVI for Amdo County (NDVI trend 
slope equals to -0.02, annual precipitation trend slope is 
1.68). However, the coefficient between total number of 
the dry spells (defined as those with longer than 10 days 
without rainfall) and NDVI is negative (R= -0.40). It 
means that the temporal distribution of precipitation is 
also main factor corresponding to the NDVI changes in 
Amdo County. However, the human activates seem not 
the main effecting factor to grassland degradation 
owing to the weak relationship between NDVI and 
human population occurred in these three counties. 
5. Conclusion 
In past 20years, significantly increase of grassland 
vegetation occurred in middle eastern and eastern NTP, 
and high decrease in Eastern parts. The PE has a 
negative response to increased vegetation cover changes 
in summer season. The high T min and precipitation are 
benefit for the grass growth in the NTP regions. Global 
warming and unreasonable human activities such as 
over-grazed has caused grassland degradation in the 
eastern counties of the temperate humid zone of the 
NTP. The dynamical mechanisms responsible for the 
feedback of vegetation cover changes and degradation 
need further study. 
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